INTRODUCTION
w x Recently Baldwin 1, 2 has undertaken the classification of certain solutions to standard partial differential equations of mathematical physics. These include special cases of solutions to the Beltrami equation and Ž . linearly polarized transverse electromagnetic TEM solutions to the electromagnetic wave equations.
In this work we consider the more difficult problem of attempting to write down general solutions to the wave equation. This becomes much easier when one assumes a direction of propagation for the wave; this is a standard procedure in electromagnetism texts. In this article we presume to determine what possible propagation directions for transverse electric Ž . TE waves are allowed. The method that is employed is representing the fields in terms of Clebsch functions and using a Lame analysis to solve foŕ the Clebsch functions.
An arbitrary solution to the wave equation may be expressed by Eq. Ž . Ž . 2.25 , where the functions P, s, u satisfy Eq. 2.27 and are such that the Ž Ricci curvature computed from the inverse metric tensor where ␣ , t,¨are . Ž . the coordinates given by Eq. 2.29 vanishes. This curvature sort of w x analysis owes its heritage to Lame 5 . The novel feature in the analysis iś the use of the Clebsch potentials to describe the vector fields.
In particular, we consider linearly polarized transverse electromagnetic wave solutions. We find the following results: we are able to reproduce familiar solutions to the electromagnetic wave equations, including spherical waves and waves propagating down circular and rectangular waveguides. The author is only able to construct solutions where the propagation direction is in the radial spherical direction or in a Cartesian direction. This is reminiscent of the linearly polarized TEM case. 2 
SOLUTION TO THE WAVE EQUATION
In order to study electromagnetic waves propagating in a certain direction, we should first ask how we should define a ''wave to be propagating in a certain direction?'' Clearly this needs some interpretation. We feel that the following is the most natural interpretation. We need to have the direction of propagation be described by the gradient of a real coordinate Ž . function ␣ , so that we may write
That is, the components of the fields restricted to the planes of constant phase are all in phase with one another. This is consistent at least with Rund.
3 Moreover, the E and H fields must satisfy the electromagnetic wave equations, which in appropriate variables, read
١=Hs yiE.
Ž . Ž . Now substituting 2.1 into 2.3 , we have
i١␣=H q١=H s yiE . 
Ž . In summary, we have derived the system
Ž .
١u=١¨sQ١␣.
2.14 Ž .
Ž . These completely code the wave equation and condition 2.2 .
The next objective of the Clebsch method is to encode the vector PDEs Ž . Ž . appearing in 2.11 ᎐ 2.14 as relations among the components of a metric Ž . tensor. Using ␣ , t and¨as coordinates 1, 2, and 3, respectively , we take the inner product of each of these equations with the gradients of each of the coordinate functions. Defining
Ž . 
Ž . Ž . Ž .
0 that represent linearly polarized electromagnetic waves travelling in the direction given by ␣. Moreover, the intrinsic coordinates t,¨, ␣ are expressible in terms of the usual Cartesian variables. One of the standard cases that belongs to Case 1.2 is the propagation of TEM waves in a rectangular waveguide. One may well ask what is the advantage of the method we develop here in discussing TE waves, as opposed to a standard discussion say as given in Landau and Lifschitz for example. In the latter, a direction of propagation is assumed. Here no such assumption is made, we attempt to derive all the possible forms of the propagation directions.
Case 2

Ž .
If s s s¨the 12 and 23 components of the Ricci tensor are zero; however, the rest of the elements of the Ricci curvature tensor are still quite complicated. The author has been unable to find general solutions from the partial differential equations obtained by setting to zero the 13 component of the Ricci curvature tensor. For completeness we name those solutions that do not fall into the later classification as exotic solutions. Ž . Case 2.0 Exotic solutions . We list the 11 and 13 components of the curvature tensor below for which the zero sets should be the simplest to solve: y1
Ž . Ž . for the coordinates ␣ , t, and¨is given by Eq. 3.9 . The partial differential equations that are solved in this work, are those resulting from setting the Ricci curvature computed from the metric tensor to zero. Transformations between ␣, t, and¨and standard orthogonal coordinate systems are then sought.
